Basal-like invasive breast cancer is an important clinical group because of its association with a triple-negative phenotype defined by the lack of expression of estrogen, progesterone and human epidermal growth factor receptors 2, relative lack of therapeutic options and poor prognosis. However, depending on the method used to define these lesions, morphological assessment, immunohistochemical markers or gene expression, a different set of tumors is captured. The aim of this study was to investigate the consequences of using different methodological approaches to define basal-like lesions among triple-negative breast carcinomas with regard to their clinicopathological features and patient outcome. The cohort consisted of 142 invasive breast cancers with a triple-negative receptor status. First, each was reviewed histologically and those with morphological basallike features were characterized as 'Path-Basal'. Second, the 'Core Basal' immunohistochemical lesions, defined as cytokeratin 5/6 and/or epidermal growth factor receptor 1 positive, within the triple-negative breast cancers were identified, and third their classification based on gene expression profiling was retrieved and those in the molecular 'PAM50 basal-like' subtype recorded. A total of 116 basal-like breast cancers were identified among the 142 triple-negative breast cancers by at least one of these three classifications (80%), but only 13 samples were defined as basal-like with all three methods. None of these 13 tumors were associated with lymphovascular invasion. The 34 morphological 'Path-Basal' lesions were significantly associated with a lack of nodal metastases. Comparing the estimates of death in the three classifications, the highest risk of death was seen for the 'Core Basal' group. In this study, we highlight that the definition of basal-like breast cancer based on different methodologies varies significantly and does not identify the same lesions. This incomplete overlap of cases emphasizes the need for consistent or new approaches to improve precise identification. Modern Pathology (2013) 26, 955-966;
Breast cancer is a heterogeneous disease, which can be classified into biologically, morphologically and clinically meaningful entities. Approximately 12 to 17% are triple-negative breast cancers lacking expression of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2). 1 These lesions are also characterized by a high incidence of TP53 mutations, as well as low levels of RB and high levels of p16 proteins. 2, 3 Triple-negative breast cancers are more prevalent in patients below the age of 50 years 4 who are of African-American ethnicity 5 and who have a more aggressive clinical behavior [6] [7] [8] as well as a distinctive metastatic pattern. 9 In particular, triple-negative breast cancers are clinically problematic as there is no approved targeted systemic therapy for these lesions; in some series, patients with triplenegative breast cancers have an increased risk of recurrence between the first and third years after diagnosis and an increased mortality in the first 5 years after treatment. Currently, chemotherapy is the only systemic therapy available for triple-negative breast cancers and is curative in a subset of patients with chemotherapy-sensitive disease. 10 Genomic studies such as the PAM50 gene expression assay have demonstrated that breast cancers can be classified into at least five intrinsic subtypes (luminal A, luminal B, HER2-enriched, basal-like and normal breast-like). 11 Triple-negative breast cancers overlap with the molecular entity of 'basallike' breast cancers, 12 but these are not the same entity and equating them is misleading. [13] [14] [15] Many current studies make use of microarray-based expression profiling to define basal-like breast cancers; however, continuous efforts are being made to define these lesions with standard pathological techniques, for example, using immunohistochemical markers as surrogates. 7, 16, 17 With the latter approach, it has been reported that B50% of triple-negative breast cancers are either positive for epidermal growth factor receptor 1 (EGFR) and/or basal cytokeratin (CK) 5/6 and have been referred to as 'Core Basal'. 16 Among triple-negative breast cancers treated with adjuvant anthracycline-based chemotherapy, the 'Core Basal' phenotype has been reported to be associated with a significantly worse outcome. 16 Classically, they are high-grade lesions of ductal/ no-special type, mostly having a high mitotic index, lack of tubule formation and marked cellular pleomorphism. 14, 18 The nuclear chromatin pattern ranges from coarse to vesicular, and prominent nucleoli are commonly present. 19 A pushing, or partially pushing, margin and a peritumoral lymphocytic infiltrate are frequently described. 18, 20 In particular, large zones of geographic necrosis, frequent apoptotic cells, stromal lymphocytic infiltrates and scanty stromal content are characteristic. 21 Occasionally, these tumors also contain areas of spindle cell and squamous metaplasia. 14, 22 From a morphologic point of view, basal-like breast carcinomas are clearly a heterogeneous group of cancers, including medullary, metaplastic and spindle cell, myoepithelial and adenoid cystic tumors. 14 As there is presently no consensus regarding the optimal definition of basal-like triple-negative breast cancers, our aim was to explore the clinicopathological features of basal-like breast cancers when defined by molecular, immunohistochemical and morphological approaches. A cohort of consecutive triple-negative breast cancer patients with extensive clinical information was reviewed histopathologically and subjected to a panel of immunohistochemical biomarkers characterizing 'Core Basal' lesions. In addition, assignment to the molecular basal-like PAM50 subtype on the basis of their expression profiles was retrieved and comparison between these three classifications was made.
Materials and methods

Patient Demographics
This study encompassed a retrospective consecutive series of 142 female patients identified as having primary invasive triple-negative breast carcinoma diagnosed between 1971 and 2001 and treated at Guy's and St Thomas' Hospitals (London, UK), and none of whom had prior neoadjuvant therapy. Ethical approval for the analysis of tissue samples and patient data was obtained from the local research ethics committee and in accordance with the ethical principles expressed in the Declaration of Helsinki. Access to the pseudo-anonymized samples and clinical data was obtained in accordance with the principles of the Guy's and St Thomas' Research Tissue and Data Bank (REC No 07/H0804/131).
The median age of patients at the time of diagnosis was 55 (24-87 years). Axillary lymph node clearance was performed in 117 (82%) patients, of whom 55 (38%) had at least one positive lymph node. Of the 139 patients without distant metastasis at diagnosis, 127 received adjuvant therapy; this comprised adjuvant radiotherapy in 86 (60%), adjuvant chemotherapy in 57 (40%) and adjuvant endocrine therapy in 63 (44%) patients. Sixty (47%) patients had more than one treatment and 12 (9%) patients received all three. Median follow-up, defined as the date of diagnosis to the last known follow-up or death, was 8.3 years (range 0.3-22.2, mean 8.9 years). All women were followed-up and the data were prospectively entered into the Guy's and St Thomas' Research Tissue and Data Bank. Forty-seven (33%) patients developed distant metastasis; the median time to metastasis, from diagnosis of the primary tumor, was 1.6 years (range 0.2-18.7). Forty-eight patients died from breast cancer, with a median overall survival of 2.5 years (mean 3.7, range 0.3-19.2 years).
Histological Assessment
Sections from the surgical excisions of 142 women with triple-negative breast cancers were retrieved from the Guy's and St Thomas' Breast Tissue and Data Bank, Guys' Hospital, (London, UK). Sections were reviewed by a specialist consultant breast pathologist (SEP). Specifically, invasive tumor size, histologic grade and subtype, presence of associated ductal carcinoma in situ (DCIS) and of lymphovascular invasion and nodal status were assessed. 23 This was based on examination of all available hematoxylin and eosin-stained sections without knowledge of immunohistochemical or microarray results.
Tumors reported as invasive ductal/no-special type with basal-like features 9, 18 (Figure 1a1 and a2) included those with a solid growth pattern and a pushing margin of invasion with scanty intervening stroma. An associated lymphocytic-rich stroma (Figure 2c and d) and extensive geographic areas of necrosis were observed in the majority of cases (Figure 2b ). Carcinoma cells were highly pleomorphic and proliferative, often with atypical mitoses, and tubule formation was absent. Apoptotic cells were typically numerous and close to areas of necrosis. A central fibrotic zone was frequent (Figure 2a ). Medullary-like (Figure 1b1 and b2) and metaplastic tumors (Figure 1c1 and c2) were also included in the morphologic basal-like group.
Tissue Microarrays and Immunohistochemistry
Representative areas of the donor block were marked on a stained section. Tissue microarrays were constructed, using the Beecher microarrayer (Sun Prairie, WI, USA) with 0.6 mm stylets. Tissue microarrays were made in triplicate mainly from the periphery of the carcinoma and also other representative areas. Analysis and scoring of tissue microarrays was carried out by two observers (SEP and PG). Expression of ER, PR and HER2, CK5/6, CK14 and EGFR was assessed. Antibodies are listed in Table 1 and the scoring system in the Table 2 . 7, 24 Using a system equivalent to the five biomarker method, 16 triple-negative breast cancers were categorized into those positive for EGFR and/or CK5/6, referred to as the 'Core Basal', and those of a five marker negative phenotype (5NP ¼ negative for ER, PR, HER2, CK5/6 and EGFR).
Molecular Subtyping Based on Gene Expression
Gene expression profiles of the 142 triple-negative breast cancers were recorded as part of a larger study comprising 205 breast tumors, including other breast cancer intrinsic subtypes (the extended cohort is described in detail in Rinaldis et al, under review). To retrieve the classification of the molecular PAM50 subtypes, we performed an advanced nearest centroid classification using the class centroids from Parker et al. 25 Briefly, we randomly sampled tumors from the larger 205 cohort, creating 10 000 artificial cohorts with compositions of ERpositive, HER2-positive, ER-and HER2-negative and normal-like breast tumors 25 (see Supplementary Methods). Assignment of tumors to the molecular subtypes was based on their highest Spearman's rank correlation.
Statistical Analysis
All statistical analyses were performed in the R environment, using several CRAN packages (http:// Definitions of basal-like breast cancer P Gazinska et al cran.r-project.org/). A Sweave documentation is provided in the Supplementary Methods. Risk of death was estimated on our right-censored clinical follow-up data from all 142 triple-negative breast cancers, using cumulative incidence and Cox proportional hazard models with breast cancer death as the end point; P-values were estimated using the Fine and Gray's test and the log-rank test, respectively. We examined the relationship between different clinicopathological variables using Fisher's exact tests. All P-values were two sided and a P-value of o0.05 was considered to indicate a statistically significant difference.
Results
Basal Features Based on Immunohistochemical Profile
Immunohistochemical assessment of the 142 invasive breast carcinomas (which were all confirmed as negative for the expression of ER, PR and HER2) revealed that 78 (54%) were positive for EGFR, 79 (56%) for CK5/6 and 87 (61%) for CK14 ( Figure 3) ; the clinicopathologic characteristics are listed in Table 3 . According to the Nielsen Criteria, 16 triplenegative breast cancers positive for either EGFR or CK5/6 or both were categorized as 'Core Basal' (n ¼ 68; 48%), whereas 54 (38%) were 5NP. Nearly Definitions of basal-like breast cancer P Gazinska et al all of the triple-negative breast cancers (95%) were histologic grade 3; thus, no difference in grade was observed between 'Core Basal' and 5NP tumors (Table 3) . Of note, the only grade 1 triple-negative breast cancer was negative for EGFR, CK5 (ie, 5NP) as well as for CK14.
The majority of triple-negative breast cancers cohort ranged from 2 to 5 cm (61%) and no difference in tumor size between 'Core Basal' or 5NP tumors was detected. Central fibrosis, a lymphoid infiltrate and lympho-vascular invasion were observed in approximately one-third of all triple-negative breast cancers. Comparison of pathological characteristics revealed a similar distribution for most features with the exception of lymphovascular invasion, which was slightly and nonsignificantly more frequent in 'Core Basal' (80%) than in 5NP (67%; Fisher's exact test; P ¼ 0.14).
At the time of diagnosis, 60% of patients were 450 years old, and most were postmenopausal. Despite the similar age distribution of the 'Core Basal' and the 5NP group, the 5NP group included fewer premenopausal women. A slight tendency for bone metastasis was noted in patients with 5NP tumors, but no difference was observed in nodal status and treatment regime (Table 3) . Overall, the immunohistochemical basal-like classification was not associated with any specific clinicopathological features in these triple-negative breast cancers.
Basal Features Based on Histological Assessment
Within this cohort of triple-negative breast cancers, a variety of different histologic subtypes were identified (Table 3) ; there was one case of invasive papillary and two cases each of salivary gland-like, medullary-like and apocrine-like carcinomas. Four other samples showed metaplastic and four lobular features, and seven samples had mixed morphological characteristic. Twenty-eight were morphologically basal-like and the remaining were ductal/ no-special type without morphologic basal-like features (n ¼ 92). In total, 34 tumors were designated as having a basal-like morphology, incorporating the basal-like ductal/no-special types, medullary-like and metaplastic carcinomas, and referred to hereafter as 'Path-Basal'. The triple-negative breast cancers without morphological basal-like features were labeled as 'Path-NonBasal' (n ¼ 101). Comparison of EGFR, CK5/6 and CK14 status in these two morphological groups indicated a similar distribution (Table 3 ). In contrast to the 'Core Basal' triplenegative breast cancers, lymphovascular invasion was absent in all 'Path-Basal' lesions but was observed in nearly one-third of the 'Path-NonBasal' tumors (Fisher's exact test; Po0.001). Moreover, 17% of 'Path-Basal' cancers had a positive nodal status compared with 45% of 'Path-NonBasal' lesions (Fisher's exact test; Po0.001). The most significant difference was the presence of geographic necrosis, which was seen in 85% 'PathBasal', but only in 48% 'Path-NonBasal' lesions (Fisher's exact test; Po0.001). As necrosis represents one of the diagnostic features to define the basal-like ductal/no-special type lesions, this was to be anticipated.
Molecular 'Basal-Like' Classification
In addition to the immunohistochemical and histological assessments of basal-like lesions, we were able to assign the molecular basal-like subtype based on the PAM50 centroid classification to 84 triplenegative breast cancers (see Materials and Methods). These tumors are referred to as 'PAM50-Basal' hereafter.
Overlap of Basal-Like Breast Carcinomas Defined by Different Criteria
Comparing the tumors classified as basal-like by these three different methodologies ('Core Basal', 'Path-Basal' and 'PAM50-Basal') identified 116/142 triple-negative breast cancer as basal-like by at least one assessment. The overlap of tumors categorized as basal-like is shown in Figure 4a . Only 13 cases were defined as basal-like by all three methods (Figure 4 ). Of these, 9 samples were EGFR positive, 7 were CK5/6 positive, 5 were CK14 positive, 5 had a positive nodal status, 4 had associated DCIS and fibrosis and 2 showed lymphocytic infiltration. It is noteworthy that all 13 samples lacked associated lymphovascular invasion, whereas 35 of the remaining 109 lesions (32%) had lymphovascular invasion identified (Fisher's exact test; P ¼ 0.038).
Given that the immunohistochemical panel proposed by Nielsen et al 7 is considered to be the gold standard by some authors, we established how many of the 'Core Basal' lesions would have been categorized as basal-like by morphological or molecular assessments. Only 17/68 'Core Basal' triple-negative breast cancers were assigned as 'Path-Basal', suggesting a low sensitivity (26%) for the histologic assessment to identify 'Core Basal' lesions (Table 4a ). In contrast, the 'PAM50-Basal' classification assigned 44/68 'Core Basal' triplenegative breast cancers to the basal-like molecular subtype (Table 4b) , showing 64% sensitivity but a low specificity of 51% to identify nonbasal lesions.
Risk of Breast Cancer-Specific Death
To assess if the breast carcinomas defined as basallike by these three diverse methods differed in predicting prognosis, the cumulative incidence of breast cancer death was estimated. Triple-negative breast cancers categorized as 'Core Basal' (Figure 4b) showed an increased risk of death within 15 years after diagnosis compared with those assigned as 'Path-Basal' (Figure 4c ) or 'PAM50-Basal' (Figure 4d) . However, those characterized as 'Core Basal' did not have a statistically significantly different outcome than those not 'Core Basal' (Figure 4b ), whereas the two other characterizations separated patients with regard to prognosis ( Figure 4c and d) ; this finding was also supported by the results of the Cox Regression analysis (Table 5) . A significantly better 15-year breast cancer-specific survival was seen for women with tumors in the 'PAM50-Basal' and the 'Path-Basal' groups compared with the remaining samples; this maintained significant independent prognostic value to predict breast cancer death in the different multivariate Cox models (Table 5) .
Discussion
The terminology, definition and classification of basal-like breast cancer are controversial and vary in the literature, making comparison of clinicopathologic features difficult. Different terms are used to describe these tumors as 'basal-like', 'basal', 'Core Basal' and even 'basaloid', as well as those with a 'basal/myoepithelial phenotype', and it is unclear if the same lesions are identified. In order to assess the degree of overlap in identifying basal-like features in triple-negative breast cancer, we examined a set of triple-negative breast cancers in a series of women who received no neoadjuvant therapy. We defined a morphological group of triple-negative breast cancers with histologic basal-like features ('Path-Basal') and compared these with the immunohistochemical ('Core Basal') and gene expression profiles ('PAM50-Basal') of the same lesions with regard to their clinicopathologic features and patient outcome. The majority of morphological classified 'PathBasal' triple-negative breast cancers in this study showed geographic necrosis, in comparison with only 48% 'Path-NonBasal' lesions. Extensive central necrosis has been reported as more marked in tumors lacking hormone receptor and those occurring in younger patients. 9 It is also reported in a subset of lesions showing poor response to chemotherapy and endocrine therapy, possibly as a result of poor penetration of therapeutic agents into the tumor mass. 26 Despite the presence of necrosis, which is commonly associated with poor prognosis, triple-negative breast cancers classified as 'PathBasal' had a better outcome (Figure 4c ). Although this must be interpreted with caution, as patient numbers are small, the lack of lymph node metastases in the 'Path-Basal' group might also contribute to this tendency. In addition, the 'Path-Basal' samples, as well as the 13 lesions defined as basallike by all three methods, were characterized by an absence of lymphovascular invasion. Lymphovascular invasion has been reported to be an independent prognostic factor for poor outcome in triplenegative breast cancers and lymph node-negative and ER-negative breast cancers, 27 supporting the lack of lymphovascular invasion in the 'Path-Basal' group having a lower risk of breast cancer-specific death. Interestingly, the same trend for a better prognosis for basal-like lesions was observed in the 'PAM50-Basal' group when compared with the remainder of the triple-negative breast cancers in this series and this remained prognostically significant when other potential confounding clinicopathologic variables were taken into consideration. This is in contrast to some previous studies, showing that the expression of immunohistochemical basal markers correlates with a worse prognosis. 16 However, recently, 'Core Basal' lesions among triple-negative breast cancers with high CD8 þ infiltrating lymphocytes 28 and a Korean cohort 29 have also been reported to be associated with a better prognosis. These differences highlight the heterogeneity within triple-negative breast cancers, and the potential for identifying basal-like lesions with a good and a bad prognosis. Only further characterization such as the prevalence of CD8 þ lymphocytes in our cohort might shed further light on this matter and is warranted.
Comparison between gene expression and immunohistochemical methods to define basal-like tumors have been performed previously, and 76% sensitivity and 100% specificity of immunohistochemical surrogates to identify the molecular basallike subtype has been reported. 7 Using an extended panel of immunohistochemical markers including CK14, EGFR and 34bE12, a slightly increased sensitivity (78%) for immunohistochemistry to detect molecularly defined basal-like tumors has been identified. 30 Although our specificity measurements are lower than these previous observations, we have seen a similar proportion of nonbasal invasive breast cancers by the morphologic and immunohistochemical methods in those tumors identified as basal-like by molecular assessments (60%). In contrast, we find a weak specificity (26%) for the 'Path-Basal' and a slightly better one (59%) using 'Core Basal' to capture 'PAM50-Basal', suggesting poor agreement between these descriptive methods.
The recognition of basal-like tumors is potentially clinically important. Some series have suggested that, in lymph node-negative breast cancer in Definitions of basal-like breast cancer particular, the basal phenotype is of independent prognostic value, whereas ER/PR expression is not prognostically significant. 17 Clearly, accurate determination of ER and HER2 status is necessary to identify clinical targets and direct therapy. The immunohistochemical assessment of basal cytokeratins and EGFR is not routine and does not form part of invasive breast cancer pathology minimum data sets. Nevertheless, our data indicate that morphologic assessment is insufficient to identify those patients with triple-negative breast cancers with the worst outcome (and only identified 34 basal-like tumors) whereas patients with tumors defined as 'Core Basal' had the poorest breast cancer-specific survival, further strengthening the inclusion of EGFR and basal cytokeratins as biomarkers to predict prognosis. 16 Study limitations include the fact that this cohort of triple-negative breast cancers is relatively small, derived from consecutive cases from one hospital over a period of many years and that systemic treatments were not randomized, making outcomes stratified by treatment difficult to interpret. In particular, as treatment regimens were heterogeneous, we acknowledge a diverse influence on the outcome data. In addition, it is possible that some discrepancies could be attributed to the use of tissue microarrays for immunohistochemical evaluation, as intratumoral heterogeneity for basal cytokeratin expression has been observed. 31 However, this study does illustrate that the identification and frequency of classification of basal-like invasive breast cancer depends on the methodology used. Importantly, we show that the lesions identified differ in their clinicopathologic features. Although many studies and clinical trials use molecular classification to define basal-like breast cancer, it is possible that this approach lacks specificity and overestimates the prevalence of the basal-like phenotype in triple-negative breast cancer. Our findings stress the need for clarity in publications regarding methodology and corroborate previous observations that triple-negative breast cancers and basal-like breast cancer are not synonymous. This study highlights the need to define a routinely assessable series of characteristics (potentially an admixture of morphologic and immunohistochemical biomarkers) characterizing this category of invasive carcinomas.
